increased direct fuel costs. We also simulated the effects and direct costs associated with the 21 forthcoming switch to low-sulfur distillate fuels in 2015. According to the projections for the future, 22
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28
It has been estimated in the recent literature that the upcoming Marpol Annex VI agreement will be 29 costly for the shipping industry. The financial costs will increase from 25% to 40% within short-30 sea shipping lanes inside the northern European Sulfur Emission Control Area, due to the shift to 31
Marine Gas Oil (MGO) (0.1%) fuel in 2015 (Notteboom et al., 2010 ). This cost increase will 32 probably lead to changes in the modes of transportation. Possible consequences may be the 33 reduction of capacity for short-sea services and an increased cargo transfer by trucks; these changes 34 may undermine the planned benefits associated with reduced marine emissions. However, the 35 estimates of these consequences have up to date taken into account neither (i) the increases of fuel 36 costs for individual ships or ship categories nor (ii) spatially and temporally accurate activity data of 37 ships. 38
Emission abatement strategies that specify reduced fuel sulfur content will result in lower emissions 39 of both fine particulate matter and SO 2 from ships. This in turn tends to decrease adverse health 40 effects in human populations, especially within the riparian states and in coastal cities. Also, 41 presumed to be small vessels, and we have treated those in the modeling by assuming only generic 129 specifications (weighting 500 tons with a single 1000kW four-stroke engine). The emissions 130 originated from unidentified vessels are therefore known with a significantly lower accuracy. 131
The fuel type and especially the fuel sulfur content (FSC), affects significantly the SO X and PM 2.5 132 emissions. We assume that all ships conform to ECA sulfur limits. Considering that ship owners 133 have economic incentive to use fuel grades, which have the maximum allowed FSC, we can 134 estimate that the uncertainty arising from fuel type evaluation is fairly small. However, some 135 engines may use fuel with even lower FSC than the allowed maximum, for technical reasons. This 136 causes additional uncertainties in the evaluation of the emissions, especially for the estimation of 137 fuel type used in auxiliary engines. 138
The emissions of various species 139
We evaluate that the estimated CO 2 emissions have the lowest margin of error, compared with those 140 of the other modeled species, as the amount of CO 2 per fuel burned can be estimated fairly 141 accurately. Also the NO x emission factor, which is almost unaffected by engine load and fuel type, 142
can be estimated with a relatively good accuracy. We use Tier I and II NO x limits for vessels, 143
depending on the year they were built. There may therefore be some underestimation of NO x for old 144 ships that are not obliged to conform with Tier I requirements. 145
The conversion rate of fuel sulphur to SO 4 , the main component of PM 2.5 emissions, has been 146 assumed to be independent of engine load. However, some recent studies suggest that this 147 conversion rate may be affected by engine load (Petzold et al., 2010) . Numerical computations with 148 the model have indicated that conversion rates for SO 4 as presented by (Petzold et al., 2010) would 149 significantly reduce the estimated emissions of SO 4 (up to 50% in mass). Furthermore, the 150 emissions of organic and elemental carbon, as well as ash particles, have been assumed to be 151 unaffected by the fuel type; this assumption may prove to be inaccurate. The highest margin of 152 error is expected with estimated CO emissions, as the emission factor has been observed to be 153 highly sensitive to engine load and its rapid changes. 154
Model extensions
155
The model refinements since the previous studies (Jalkanen et al., 2009 (Jalkanen et al., , 2012 (Jalkanen et al., and 2013 remaining sulphur in the fuel, which has not been converted to sulphate, contributes to SO x 164 emissions. In ECA region, since the beginning of 2010, the maximum allowed FSC in inland 165 waterway vessels and for ships at berth has been restricted to 0.1%; however, the latter regulation 166 applies only to vessels, which are berthing for more than 2 hours. Otherwise, the maximum FSC has 167 been limited to 1.0% since July 2010. 168
Ship operators have several options for complying with FSC requirements, such as i) fuel 169 conversion, ii) fuel switching and iii) exhaust gas cleaning systems (EGCS). In fuel conversion, all 170 fuel storage tanks, piping systems and combustion equipment are converted to be compatible with 171 low sulfur fuel, which is to be used in all situations. In fuel switching, secondary low sulfur fuel 172 storage and piping system is installed and low-sulfur fuel is switched on, when the ship operates 173 inside the ECA area. The switching process, however, may take a considerable amount of time as 174 the switched fuel needs to be warmed (Heavy Fuel Oil, HFO) or cooled (MGO) before use. Hence 175 the requirement for 0.1% FSC for ships at berth is applied only for the ships that berth longer than 176 two hours. For ships using EGCS instead of low sulfur fuel, the amount of exhausted SO x and 177 particle matter is not allowed to exceed the amount that would be exhausted by burning fuel with 178 acceptable FSC. 179
In the STEAM model, FSC is determined separately for main and auxiliary engines, by taking into 180 account engine specifications and region specific limitations, such as, e.g., the EU shipping sulphur 181 directive. The process of fuel type modelling in STEAM, including FSC, grade and cost, is 182 illustrated in Figure 1 . All vessels are assumed to use the cheapest accepted fuel available 183 (commonly this is also the heaviest fuel). The fuel sulphur content is therefore assumed to be 184
where is the maximum FSC that the engine can use and is the maximum FSC allowed 186 by the regulations in the considered area. However, if the ship has been equipped with EGCS, then 187 in equation (1) is evaluated to be equal to the (relatively higher) sulphur content that would 188 after gas cleaning result in acceptable emissions of both SO x and PM 2.5 . In such a case, in 189 equation (1) is estimated by using the engine's power output rating and engine angular velocity, measured 195 as revolutions per minute (RPM), based on manufactured marine engines statistics presented in 196 (Kuiken, 2008) . Based on these statistics we assume that all main engines with larger power output 197 than 4500kW (and engine RPM < 1000) can use the heaviest fuel grades; engines smaller than 198 2000kW use 0.5% MDO fuel and otherwise is estimated to be 1.0%. However, according to 199 ship specifications in our database, more than 17000 ships can be assumed to be equipped with a 200 shaft generator which allows auxiliary power to be produced with main engines in cruising speed. 201
Thus, if a vessel with a shaft generator has a speed greater than 2.5 m/s (5 knots), we assume that all 202 auxiliary power will be produced with main engines; clearly, these use that is associated with 203 the main engines. 204
The maximum allowed FSC, is determined based on region, date and speed. Vessels having a 205 speed lower than 0.5 m/s (1 knot) continuously for at least 2 hours are assumed to be berthing, 206 resulting in a FSC of 0.1% in the ECA since the beginning of 2010. 207
Evaluation of fuel prices and exhaust gas cleaning systems 208
Combining the fuel consumption and FSC modelling allows us to evaluate fuel costs for each ship 209 using the STEAM model. According to marine fuel bunker statistics, at the port of The price premium between HFO and LSMGO as well as their overall price development over time 215 has proven to be highly volatile. For instance, the average price premium between HFO380 (max. 216 4.5% FSC) and LSMGO between 1995 and 2009 has varied between 50% and 140% in Rotterdam 217 (Notteboom et al., 2010) . Three different price developments for MGO with respect HFO were 218 used in the selected scenarios: 50% price premium over HFO (FC50%), 75% price premium 219 (FC75%) and 100% premium (FC100%). 220
According to (Notteboom et al., 2010 ) the FSC in the heaviest and cheapest fuels available can be 221 assumed to be no larger than 2.7% as the world average of sulfur content in HFO fuels is 2.67%. 222
We assume that vessels use a mixture of fuels, which has an arbitrary average FSC between 2.7% 223 and 0.1%, so that the evaluated FSC given by Equation 1 has been achieved. The price estimate of 224 this mixture of fuels is then computed as a function of sulfur content, according to regression curves 225 presented in Figure 2 . 226
The three price functions in Figure 2 correspond to the current state and two future price 227 development possibilities: FC50% curve corresponds to prices (HFO380, LS180 and LSMGO) as 228 they were at the time of writing at Rotterdam, FC75% and FC100% gives the price estimates in case 229 the price premium between LSMGO and HFO380 increases to 75% and 100% respectively. We 230 apply these fuel prices for all past and future scenarios presented in this paper; the derived fuel costs 231 (and thus the direct costs of regulations to ship owners) of each scenario are therefore comparable 232 with each other. 233
The use of EGCS's offer potential fuel cost savings for ships that operate in ECA area, as IMO 234 accepts EGCS's as alternatives to the use of low sulfur fuels. With a scrubber onboard, a ship can 235 consume high FSC fuel and still comply with regulations. In (Reynolds, 2011) it was estimated that 236 for any ship, which consumes annually more than 4000 metric tons of fuel in ECA, should be a 237 potential candidate for an EGCS installation. Assuming 50% price premium for LSMGO with 238 respect to HFO and active use within ECA for at least six years after 2015, the net financial value 239 for EGCS scrubber installment should be positive. 240
Scrubbers can use wet or dry physical scrubbing or chemical adsorption to remove combustion 241 products. In (Corbett, 2010) it was concluded that the PM 2.5 removal is likely to be 75±15% with a 242 scrubber on board. Other studies have indicated that the resulting reduction in PM mass can be in 243 between 25% and 98%, depending on particle size distribution, although the removal rates by 244 species are more uncertain (Lack and Corbett, 2012) . Also, a significant reduction in SO x output 245 will occur. In (Andreasen and Mayer, 2007) it was estimated that a sea water scrubber -system can 246 reduce 66% of SO x emissions. 
Slow-steaming 274
Required propelling power for any marine vessel increases strongly as a function of its speed, due 275 to the friction against water and the forming of waves. Even a minor reduction of vessel speed can 276 therefore significantly reduce the main engine fuel consumption. The concept of slow-steaming 277 refers to a situation, in which a marine vessel reduces its speed to achieve significant fuel savings. 278 However, the fuel savings and emission reductions are obviously obtained at the expense of a 279 longer cruising time. 280
In order to evaluate the net benefits in the selected slow-steaming scenario, the total travel time 281 differential is calculated for each route segment. We assume a fractional speed reduction with a 282 factor of . The increase in travel time , the reduced slow-steaming speed and 283 the increased duration are given by 284
where is the duration of the travel of the ship during the -th segment of a route (defined by two 286 consecutive AIS-messages), without assuming slow speed and is the average speed in -th 287 segment of a route, without assuming slow speed.
is the increased duration of travel with the 288 slow-steaming speed. The reduced speed is used for instantaneous main engine power 289 estimation, which in turn is used for engine load, fuel consumption and subsequently, for emission 290 estimation. To account the fact that engines are being used longer with each segment using the 291 reduced speed, the duration is used instead of in emission calculation. Besides the 292 instantaneous speed, the main engine power requirement is affected by various ship attributes, such 293 as hull dimensions and propeller properties. This fairly complicated process was discussed in more 294 detail in (Jalkanen et al., 2012) . 295
Auxiliary fuel consumption of non-IMO registered vessels 296
The number of unidentified vessels in AIS-data has steadily increased during recent years. 297
According to AIS-data, a substantial fraction of these vessels seem to be inactive; these are mostly 298 berthing. Such a vessel behavior in the model would result in an excessive amount of auxiliary fuel 299 consumption, especially as the number of berthing small vessels increases in time. 300
We have therefore added to the model a limiting rule for the auxiliary fuel consumption of non-301 IMO registered vessels. After two hours (i.e., a reasonable time required for unloading the vessel) 302 of continuous berthing, the rate of auxiliary fuel consumption is assumed to start to decrease 303 linearly as a function of time. We have assumed that after eight hours of berthing, the rate of 304 auxiliary fuel consumption has been decreased to one fifth (1/5) of the initial auxiliary fuel 305 consumption rate. 306 
Selected scenarios of the emissions and fuel costs
Scenarios for the future, in 2015 318
We have simulated the effects of the upcoming FSC requirements in 2015, by using the archived 319 AIS-data for 2011 and assigning = 0.1% for all ships and activities. 320
Another simulation for 2015 was performed, in which EGCS installation candidate vessels were 321 identified (cf. Chapter 2.3.2) and were assumed to be equipped with scrubber abatement equipment. 322
Vessels which are equipped with abatement equipment may use cheaper and heavier fuel than 323 LSMGO, provided that the emissions do not exceed those that would be achieved with LSMGO 324 without abatement equipment. 325
Slow steaming scenario 326
In the slow steaming scenario, we have evaluated the shipping emissions and statistics, as if each 327 ship would have fared 10% and 30% slower while cruising (a = 0.1 and a = 0.3 in Eq. (3c)). 328
However, we assume that the speed reduction at slow speeds would not be economically desirable 329 for ship owners. The speed reduction is therefore applied only, if the instantaneous speed exceeds 330 5.1 m/s (10 knots). As the engine power needs to be continuous in time, any reduced speed will not 331 be reduced below this selected threshold value. 332
The increase in cruising time has been calculated according to Eqs 3a-c, and the resulting emissions 333 and fuel consumption with the reduced speed has been compared with the baseline emission 334 estimates and fuel consumption and costs for 2011. Thus, we account for the increase in auxiliary 335 fuel consumption as well as the decrease in main engine loads. We have not taken into account 336 however the potential need for increasing the fleet size, due to the increase in cruising time. 337
Numerical results
338
The results were evaluated using the shipping emission model 
Emission budgets in 2009 and 2011
344
The predicted emission inventories and shipping statistics are presented in Table 1 for the ECA in 345
2009. The maximum allowed FSC at the time was 1.5%. 346
The corresponding shipping emission inventories according to EMEP have also been included in 347 Table 1 . However, there are some methodological differences between the current study and the 348 methods used by EMEP. Despite this, the total shipping emissions predicted using the STEAM model were 14% smaller than 355 the corresponding EMEP emissions in case of NO X , while the SO x emissions predicted using the 356 STEAM model were 20% lower. There were also notable differences between the predictions of 357 these two modelling systems in case of PM 2.5 and CO. 358
In 2009, approximately 15.5 and 27.5 million tons of CO 2 were emitted at the Baltic Sea and at the 359 North Sea (for simplicity, the latter is here interpreted to include also the English Channel), 360 respectively. The most significant flag states were the Scandinavian countries Norway, Sweden and 361 Denmark, the Netherlands and the United Kingdom. The cargo ships were the single most 362 significant ship type in terms of the CO 2 emissions. 363
The corresponding emission estimates in the ECA in 2011 are presented in Table 2 . In contrast to 364 2009, the maximum allowed FSC for ships at berthing was limited to 0.1%, and otherwise to a 365 maximum of 1.0%. The contribution from non-IMO registered ships in terms of CO 2 has doubled The reason for this is that after January 2011, the NO x emission factor was not allowed to exceed 389 the IMO specified Tier II factor, which is slightly lower than the previous Tier I requirement for all 390 engines. We have assumed that ships built after 2008 conform to the new Tier II limitations, as the 391 engine manufactures have been well prepared for those requirements. However, the effect of the 392 implementation of Tier II for the emissions of NO x from 2009 to 2011 seems miniscule, but will 393 certainly increase when the fleet will be renewed in time. 394
Based on the modelled fuel consumption statistics for IMO registered vessels, 33% of the total fuel 395 was consumed by auxiliary engines in 2011. However, the ratio of the auxiliary fuel consumption 396 and the total fuel consumption varies significantly between ship types (18% for passenger ships, 397 30% for cargo ships, 35% for container ships, 31% for tankers and 64% for other ships). 398
Approximately 17 000 ships in the ship properties database have been associated with a shaft 399 generator, which allows the main engine to provide power to ship operating systems while cruising. 400
Theoretically, it can be shown by numerical computations that if there would have been no shaft 401 generators available, the predicted fuel consumption of the main and auxiliary engines would have 402 been almost equal in the ECA in 2011. 403
It has been predicted that the use of HFO significantly out-weights the use of distillate fuels. 404
Commonly a ratio, such as 85%/15%, has been used to distinguish the use of distillate fuels and the 405 heavier grades. However, according to results this assumption seems to be biased. Assuming that 406 fuels with a lower FSC than 1% were distillate fuels (MDO or MGO), the ratio of HFO and 407 distillate fuel consumption of IMO-registered vessels was approximately 76%/24% in 2009. In 408 2011, this ratio has changed to 70%/30%. The high fraction of the distillate fuels is caused by two 409 main factors. First, a major fraction of the fuel consumption originates from auxiliary engines 410 during harbor activities; most of the auxiliary engines cannot use HFO due to engine restrictions 411 (e.g., engine size, RPM and stroke type). Second, distillate fuel consumption for ships at berthing 412 has increased significantly after the introduction of Marpol ANNEX VI regulation. 413
The geographical distribution of shipping emissions in 2011
414
In 2011, the geographical distribution of CO 2 and PM 2.5 emissions in the ECA has been presented in 415 The 2015 scenario was simulated with the ECA 2011 data sets, i.e., by assuming that the shipping 468 activities and the properties of the ships will be the same in the future, and by setting a maximum 469 allowed FSC to 0.1% for all activities. Three different fuel price scenarios were included, as the 470 evolution of the relative prices of these fuels is uncertain; these are denoted briefly by FC50%, 471 FC75% and FC100% (FC = fuel cost). These fuel price scenarios correspond to the cases, in which 472 the fuel prices remain the same as in 2011, and MGO is 50%, 75% or 100% more expensive than 473
HFO. 474
The SO x emissions in this scenario will be reduced to a mere 29.2 ktons and fine particle emissions 475 will be reduced to 31.4 ktons. In comparison with the situation in 2011, the SO x emissions will be 476 reduced by 87% and the PM 2.5 emissions will be reduced by 46%. The relative reduction of PM 2.5 477 emissions is smaller in comparison to those of SO x , as marine engines produce significant amounts 478 of carbon and ash particles, regardless of FSC. The direct fuel costs will increase to 13.3, 15.7 or 479 18.3 billion USD, depending on the fuel price development, which corresponds to a cost increase of 480 23% -69%. 481
Reynolds (2011) estimated that ships with an annual fuel consumption of more than 4000 tons 482 would gain economic benefit from scrubber installation, instead of using 0.1% MGO fuel in 2015, 483 provided that MGO will be at least 50% more expensive than HFO and each ship with an installed 484 scrubber will be active for at least 5 years after installation. Using the modelled fuel consumption 485 statistics for the year 2011, the possible candidates for EGCS installment suggested by Reynolds 486 were identified; a total of 635 candidate ships were found. While there was more than 30 000 487 different ships operating at the time, these 635 ships account for 21% of the total fuel consumption 488 in the ECA. These ships have been listed in Table 3 according to their ship category. Most of these 489 candidate ships are either container ships or RoPax vessels. 490
Another simulation was performed with the 2015 regulations, in which a typical scrubber abatement 491 method was assumed to be installed to each candidate ship. The fuel costs of this scenario were 492 significantly lower compared with the corresponding scenario without the scrubbers: 12.3, 14.2 or 493 16.1 billion USD (a cost increase from 13% to 49%). Further, most of the economic benefits from 494 the use of scrubbers (and from using cheaper fuel simultaneously) were in the Baltic Sea shipping. 495
A major portion of the identified EGCS candidate ship operates mainly in the Baltic Sea. The 496 estimated PM 2.5 emissions in this scenario were slightly smaller than in 2015 scenario without 497 scrubbers. The reason for this is that the virtual scrubbers reduced 66% from SO x emissions and 498 75% from PM 2.5 emissions and thus, in Eqs. 2a-b results in a slightly lower FSC than would 499 be required in terms of PM 2.5 emission factor in 2015. 500
The economic benefits from the use of scrubbers in 2015 are clear, based on these computations. 501
However, the cost of an EGCS installment per vessel can be from 5 to 9 million USD (Reynolds, 502 2011), and there are also maintenance costs. These installment and maintenance costs have not been 503 taken into account in the presented scenarios. Further, for technical reasons not all ships can be 504 equipped with such an installment and it might also not be economically viable, if the vessel is 505 reaching the end of its lifespan. 506
Slow steaming
507
We have investigated the savings in fuel consumption and the reduction of emissions, due to 508 reducing vessel speeds. In evaluating the financial costs, we have not addressed the additional costs 509 associated with longer cruising times, such as, e.g., increased personnel costs, costs related to the 510 slower delivery of the cargo, and the potential need for increasing the fleet size. 511
For simplicity, the amount of speed reduction was selected to be proportional to actual speed, viz. 512 10% or 30%. However, such speed reduction was imposed only, if vessel speed was higher than 5.1 513 m/s (10 knots), as it would be unlikely to achieve significant economic savings by reducing speeds 514 that are lower this selected threshold value. The estimated savings in the consumption and costs of 515 fuel, and the reductions in emissions have been presented in Tables 4a-b.The results of these slow-516 steaming scenarios are shown separately for those vessel categories, for which the fuel consumption 517 > 1.0% of total fuel consumption in the ECA in 2011. The presented ship types, except for the 518 container ship category, are sub-classes of the vessel categories presented in Tables 1 and 2 . 519
Even a reduction of 10% in cruising speed will effectively reduce the main fuel consumption of 520 several ship categories. In total, CO 2 , NO x , SO x , and PM 2.5 emissions are reduced by 9.4%, 11.7%, 521
13.2% and 11.5% respectively. The reductions of the NO x , SO x and PM 2.5 emissions are larger than 522 those for CO 2 . The reason is that the main engines generally use fuel with a higher FSC and large 523 two-stroke main engines are responsible for higher NO x emissions per provided energy unit,compared with smaller auxiliary engines. On the other hand, the CO emissions per provided energy 525 unit tend to increase for lower engine loads. 526
Depending on the ship type, the achieved reduction in main fuel consumption ranges from 6.5% to 527 18.3%. The relative change of the operational time (berthing, maneuvering and cruising) is 528 significantly smaller. For instance, the fuel costs of RoPaX ships would be reduced by 13.6%, while 529 the operational time increases by 3.2%. RoRo and vehicle carriers would achieve the reductions in 530 fuel costs of 14.3% and 12.5%, while their operational time would increase by 5.0%. Together, the 531 categories of RoPaX, RoRo and vehicle carriers contribute 22.4% of the total fuel consumption in 532 the ECA. Container ship category, which is the largest vessel category in the ECA, would gain a 533 more modest 8.6% reduction in fuel costs, and an increase of operational time of +4.7%. 534
For the scenario with a speed reduction of 30% -the emissions of CO 2 , NO x , SO x and PM 2.5 are 535 reduced by 20.7%, 26.7%, 29.6% and 24.5%, respectively. Due to the selection of the above 536 mentioned threshold speed (5.1m/s), only the ships, which are cruising faster than 7.4 m/s 537 (approximately 14.3 knots) are subject to a full 30% reduction in speed. Substantial reductions due 538 to a reduced speed would be expected for RoPaX ships, vehicle carriers, crude oil tankers and 539 passenger cruisers. 540
Inter-comparing the results for these two speed reduction scenarios reveals that the savings of fuel 541 costs with respect to the increases of operational times are higher in the scenario with a 10% speed 542 reduction. This is to be expected, as the slower cruising speed results in a higher fuel consumption 543 of auxiliary engines. A major increase in operational time also results in a need for using additional 544 ships. 545 However, the direct fuel costs would have been 10% lower, according to the predictions. 575
Conclusions
The potential impacts of the forthcoming reductions regarding the maximum allowed FSC in 2015 576
were also studied, with simulations using the archived data in 2011. It was estimated that the 577 emissions of SO x will be reduced by 87% and those of PM 2.5 by 48%, with respect to the estimated 578 emissions in the ECA in 2011. The direct fuel costs were estimated to increase by 23% from 2011 579 to 2015, assuming the contemporary bunker prizes. However, if the price premium of MGO with 580 respect to HFO by that time will increase to 100%, due to the increase in demand, then the direct 581 fuel costs would annually be 69% higher. 582
Based on the estimated fuel consumption and current fuel prices, it was evaluated that more than 583 630 IMO-registered ships might benefit from a retro-fit scrubber installation. These candidate ships 584
were responsible for approximately 21% of the total fuel consumption in the ECA in 2011. 585
Assuming that each of these ships would use sulfur scrubbers instead of using 0.1% sulphur content 586 contemporary bunker prizes) or by 49% (assuming 100% price premium between HFO and MGO). 588
However, we did not address in these computations the installment costs and running maintenance 589 costs. It is also not technically feasible to retro-fit all of the candidate ships with such an EGCS 590 device. 591
The possibility to achieve emission reductions by decreasing vessel cruising speeds was also 592 investigated. We applied numerically speed reductions of 10% and 30% to speeds exceeding 5.1m/s 593 (10 knots). Furthermore, we accounted for the increases in auxiliary engine fuel consumption, 594 decreases in engine loads and computed the resulting fuel savings and emission reductions for each 595 pollutant and ship category individually. The resulting fuel savings were significant even with a 596 10% reduction of cruising speed. The relative reduction of NO x , SO x and PM 2.5 emissions was 597 estimated to be higher than the reduction in total fuel consumption. The effectiveness of speed 598 reduction as a way to curb emissions varies substantially between ship types. Especially RoPax, 599
RoRo, tankers and vehicle carrier ships could substantially save in fuel costs, while the increase in 600 operational time would not be significantly increased. The ratio of fuel savings and the increase in 601 operational time was better using the smaller 10% speed reduction for all ship types. However, the 602 reduced cruising speeds may result in a need for larger fleet sizes. 603 2013 cannot be held liable for the information published by project partners. This publication 617 cannot be taken to reflect the views of the European Union. 618 
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Operational time is the combined duration of berthing, maneuvering and cruising. 
General cargo
10.9 % -18.0 % 3.9 % -9.5 % -10.5 % -14.2 % -16.2 % -13.6 % 16.6 % Dredge 1.2 % -16.4 % 1.5 % -7.6 % -8.4 % -9.6 % -13.4 % -11.2 % 3.5 %
Service ship
4.0 % -14.3 % 1.6 % -5.1 % -5.8 % -6.2 % -10.8 % -8.5 % 1.1 %
Fishing boat
1.4 % -12.6 % 1.2 % -3.0 % -3.6 % -4.7 % -8.8 % -5.5 % 4.3 %
Tug boat
2.3 % -11.8 % 0.5 % -2.6 % -3.1 % -3.7 % -8.7 % -5. 
Refrigerated cargo
1.7 % -17.5 % 3.8 % -8.7 % -9.6 % -13.2 % -14.9 % -12.6 % 14.4 % 
Bulk cargo
6.5 % -15.9 % 3.6 % -8.8 % -9.6 % -12.7 % -14.0 % -12.4 % 15.1 %
Container ship
19.9 % -15.8 % 4.7 % -8.6 % -9.2 % -12.8 % -12.9 % -10.4 % 8.3 % Tanker, chem.
9.3 % -15.2 % 3.8 % -8.8 % -9.5 % -12.5 % -13.7 % -12.2 % 14.3 % Tanker, crude 5.3 % -15.0 % 3.1 % -10.3 % -10.9 % -13.5 % -13.6 % -12.7 % 15.8 %
Tanker, product
2.3 % -14.0 % 2.1 % -8.1 % -8.8 % -11.8 % -12.9 % -11.4 % 14.3 %
General cargo
10.9 % -9.7 % 2.0 % -5.3 % -5.8 % -7.4 % -8.8 % -7.6 % 9.6 %
Service ship
4.0 % -8.2 % 0.9 % -2.9 % -3.3 % -3.5 % -6.2 % -4.9 % 0.6 % Dredge 1.2 % -7.7 % 0.7 % -3.6 % -3.9 % -4.5 % -6.3 % -5.2 % 2.7 %
Fishing boat
1.4 % -7.1 % 0.7 % -1.7 % -2.1 % -2.6 % -4.9 % -3.3 % 2.6 % Tug boat 
